The construction of a silicon beam which is used as a optical switch was presented. The investigated beam consists of three layers: on the silicon base the iron layer is put and it is followed by the aluminium layer. The change of the external magnetic field intensity causes the beam end displacement as well as the change of the luminous flux reflection angle. The influence of the magnetic transducer parameters as well as the field intensity on the luminous flux reflection angle are analysed. The optical system which is steered by the magnetic field was described.
THE CONSTRUCTION OF THE OPTICAL SWITCH
Microsilicon structures are commonly applied in the sensors or actuators in which piezoelectric, electrostatic, electromagnetic and magnetic transducers are used (Ciudad, 2004) . The scheme of the magnetic transducer with the silicon microbeam is shown in Fig.1 . The structure with the micro-mirror on the surface (aluminium layer) can be used to the luminous flux switching in scanners, display units as well as in the optical path switchers for communication (Cho, 2002) . The beam structure we studied is shown schematically in Figure 1 and 2 (Wagner, 1992) . It consists of a narrow silicon beam (monocrystalline silicon <100>) with of thin magnetic layer (Fe) and metallic layer (mirror-Al). A planar coil was used for the magnetic field generation (Fig.1, Fig.2 ) (Ripka, 2001) .
If a uniform magnetic field is applied to this structure, a pure moment without a translational force is induced. The pure moment or torque generated by the magnetic transducer rotates the beam end through an angle φ (Fig.3) .
THE ANALYSIS OF THE LUMINOUS FLUX REFLECTION ANGLE IN THE TRANSDUCER CONTROLLED BY MEANS OF THE MAGNETIC FIELD
The beam with the thin ferromagnetic layer is analysed.. It is assumed that the material is isotropic and homogenous as well. The torque generated under the influence of the external magnetic field can be expressed as (Judy, 1997) :
where M is magnetization vector, α is an angle between the magnetization vector and the external field intensity and V is the magnetic material volume.
The magnetic field direction is normal to the normal beam axis as it is shown in Fig. 3 .
The torque formed at the external field H causes the magnetization vector M rotation and the rotation angle towards the normal beam axis is equal to β.
When β angle increases the field of the magnetic anisotropy increases as well (Tumanski 1997) according to the equation:
where M s is the saturation value of the magnetization and K is magnetic anisotropy constant.
The anisotropic field generates the torque T anis which shifts the magnetization vector M towards the beam axis.
The beam is under the influence of the torque of opposite sense -T anis . As a results the beam dislocation is observed. For the silicon beam with the ferromagnetic layer and the elasticity coefficient k mech the dislocation generates the mechanic torque which counteracts the magnetic torque -T anis and is equal to:
At the equilibrium state the absolute values of torques are equal. The investigated beam consists of three layers: monocrystalline silicon, iron and aluminium.
The analysis is carried out basing on the following assumptions:
For the crystallographic orientation <100> silicon is an orthotropic material with:
Young's modulus E = 1. The model allows to create the dislocation net which reflects the influence of the external magnetic field on the transducer magnetic layer.
At first the density of magnetic energy accumulated in the ferromagnetic layer is calculated. It consists of the external magnetic field energy and the energy of the magnetic anisotropy field. The value of the accumulated energy is used to the determination of the force which influences the beam and causes its displacement.
Regarding the existence of ferromagnetic layer anisotropy the finite element and the coupling field methods as well as FEMLAB program are used in the calculations.
As the FEMLAB programme uses the coupling field method it is possible to take into accounts a variety of physical phenomena and their interactions. The finite element method MES allows to simulate the miscellaneous mechanical structures including the silicone ones (Lam, 2001) . The investigated beam has got an elastic silicon layer and ferromagnetic iron layer. The analysed structure is divided into 20 000 elements, and the generated net has got 120 000 nodes. The material anisotropy is also taken into considerations. The elementary tetrahedrons were taken into accounts in the FEMLAB programme calculations (Fig.4) . The starting point for the finite element method is a mesh, a partition of the geometry into small units of a simple shape.
In 2D, the method partitions the subdomains into triangles, or mesh elements. The boundaries defined in the geometry are partitioned (approximately) into mesh edges (so-called boundary elements) that must conform with the triangles if there is an adjacent subdomain.
In 3D the method partitions subdomains into tetrahedrons. It partitions boundaries in the geometry into triangular boundary elements; and the isolated geometry vertices become mesh vertices (node points).
The size of the elements and their number were selected according to the parted structure size and the assumed boundary conditions. Then, for the parted structure, the subsequent approximations of the searched variable were made. The idea is to approximate variable with a function which could describe with a finite number of parameters, the so-called degrees of freedom (DOF). Inserting this approximation into the weak form of the equation generates a system of equations for the degrees of freedom.
THE OPTICAL MICROSWITCH SYSTEM
The optical method was applied to measure the placement of the beam end arm. As a light source 2 laser diodes were used. The light ray reflected from the mirror (aluminium layer) incidence on the photodiode. The change of the beam deflection angle causes the change of the luminous flux reflection angle. The propriety was used in the construction of the luminous flux switch system. The aluminium layer reflect the rays of both laser diodes, but, for the particular beam arm placement, only one of them reflects at the proper angle. Then the ray goes through the apreture and is received by photodiode. The flux from the other laser diode is reflected by the beam mirror and does not fall on the photo detector. The particular beam arm placement allows to receive only one optical flux.
The beam arm placement steering is achieved by the change of the current value in the coil that generates the magnetic field.
The change of the magnetic field induction changes the force which affects the beam arm and the angle of the beam deflection as well. 
RESULTS
The analysis of the beam size influence on the beam end displacement and the angle for the assumed magnetic induction was carried out. According to the technological requirements the maximum allowable beam size changes were assumed and the influence of these parameters on the angle φ was analysed.
The analysis of the influence of the beam end parameters on the displacement at the given and equal to B=10mT generated magnetic field induction was carried out. The following model parameters were taken into accounts: the lenght l=5mm, the layer thicknesses 20µm, 10µm and 1µm for the silicon, iron and aluminium layer respectively. For the assumed model the calculations of the influence of the beam width on its displacement were performed. (Fig.6 ). The beam lenght was l=5mm, and the thicknesses of the layers were 20µm, 10 µm and 1 µm for silicon, iron and aluminium layer respectively. According to model the analytical calculations of the beam deflection angle generated by external magnetic field were carried out. The comparison of the calculated results and the data of the FEMLAB program simulation are presented in Fig. 7 . As it can be seen the results are in fairly good agreement. The inconsiderable discrepancies are due to the simplifications assumed for the analytical calculations and the material data as well.
In order to maximalize the dislocation the influence of the layer thicknesses was also analysed. The silicon layer thickness was analyzed in the range of 10µm -50µm. It is an elastic layer of the base on which transducer was constructed. The iron layer is a ferromagnetic layer and its thickness can be matched to the field intensity range as well as to the assumed beam displacement. The aluminium layer is a mirror that is used to measure the beam displacement by means of the optical method. That is why is should be as thin as possible in order not to increase the beam mass.
The influence of the aluminium layer thickness is insignificant and can be omitted. 
CONCLUSIONS
The analysis of the influence of beam size on its displacement leads to the following conclusions: -The maximum sensitivity coefficient S w =0.0125deg./mm (S w =∆φ/∆w) was observed for the beam width in the range 0.1mm -0.6mm, (for l=5mm, d=31µm, B=10mT), -The maximum sensitivity coefficient S l =0.217deg./mm (S l =∆φ/∆l) was obtained for the beam length in the range of 7,5mm -10mm, (for w=1.5mm, d=31µm and B=10mT). According to the expectations the maximum displacements were obtained for the beams with the maximum length (10mm) and minimum width (0.1mm). The analysis of the influence of the particular layer thickness on the sensitivity coefficients leads to the following statements: -The maximum sensitivity coefficient S dSi =0.0254deg./µm was observed for the silicon layer thickness in the range of 10µm -20µm, -The maximum sensitivity coefficient S dFe =0.0171deg./µm was obtained for the thickness in the range of 5µm -10µm. The aluminium layer is a mirror and its thickness is a requisite of the technological conditions. The most commonly the aluminium layer thickness is in the range of 0.5µm -1µm. The layer only slightly influences the beam displacement. The function of the angle changes depending on the magnetic field induction values is shown in Fig.9 . The change of the external magnetic field induction in the range of 100µT -30mT causes the displacement change from 1.7nm to 0.156mm. The maximum sensitivity coefficient s B =1.67 (s b =(∆φ/φ)/(∆B/B)) was obtained for induction in the range 20mT -30mT, whereas for the range of 100µT -1mT the coefficient is equal to s B =0.037. For the generated field induction B=30mT the beam displacement equal to 3.30 deg. was achieved. The usage of the presented beam as a steering element needs to acquire the beam deflection angle as high as possible. It can be carried into effect by beam elongation. (Fig.10 . The beam lenght is equal to l=10mm, its width w=1mm and its thickness d=16µm, B=30mT, φ=47deg.). The beam deflection angle can also be maximalized by narrowing of the beam fore -part and by enlarging of the magnetic material mass (which is used only in the beam endpart).
